Studies have shown that moderate alcohol consumption is strongly associated with reduced reporting of chronic widespread pain (CWP). The study designs used, however, are prone to confounding and are not able to establish the direction of causality. The current study overcomes these problems using the Mendelian randomisation design to determine the effect of alcohol consumption on the likelihood of reporting CWP. The UK Biobank recruited 500,000 participants aged between 40 and 69 years. Data collected included questions on chronic pain and alcohol consumption, and biological samples providing genotypic information. Alcohol consumption was categorised as "weekly consumption" or "nonfrequent or infrequent." Participants were classified by genotype according to alleles of the rs1229984 single-nucleotide polymorphism, either "GG" or "AA/AG." Chronic widespread pain was defined as pain all over the body for more than 3 months that interfered with activities. Associations between genotype, CWP, and alcohol consumption were tested by logistic regression. Instrumental variable analysis was used to calculate the causal effect of weekly alcohol consumption on CWP. Persons with "GG" genotype had an increased risk of CWP (odds ratio [OR] 1.17, 99% confidence interval 1.01-1.35) and were more likely to consume alcohol weekly (OR 1.76, 1.70-1.81) compared to those with "AA/AG" genotype. Weekly consumption of alcohol was associated with reduced risk of CWP (OR 0.33, 0.31-0.35), but instrumental variable analysis did not show a causal effect of alcohol consumption on reducing CWP (OR 1.29,). An interpretation of observational population studies as showing a protective effect of alcohol on CWP is not supported.
Introduction
A defining feature of fibromyalgia is chronic pain all over the body, or chronic widespread pain (CWP). 21, 22 One estimate of global fibromyalgia prevalence is 2.7%, 18 but estimates can range from 1.1% to 6.4% depending on the criteria used. 10, 20 Meta-analyses have estimated CWP prevalence at 9.8% globally 1 and 14.2% within the United Kingdom. 7 Among lifestyle factors associated with fibromyalgia and CWP is alcohol consumption. One study among fibromyalgia patients found moderate alcohol consumption was associated with reduced symptom severity compared with abstention. 12 The authors suggested ethanol-enhanced production of g-aminobutyric acid 11 as a mechanism for effects of alcohol in people with fibromyalgia, among whom studies have shown decreased levels of g-aminobutyric acid. 9 Population studies have found CWP is less common among persons with moderate alcohol consumption, even among those who had not reduced drinking because of ill health. 3 In one study, those drinking 11 to 35 units a week were a third less likely to report CWP as those who had never drunk regularly, while among people with CWP, moderate alcohol consumption was associated with less disability. 14 There are limits to inferences that can be drawn from observational studies. 8 It is conceivable that alcohol has analgesic effects and that is why moderate drinkers report less pain. However, these studies are prone to confounding and "reverse causation." A confounded relationship would mean a third variable associated with alcohol consumption but is not its consequent, though it may be its antecedent, has an effect on pain. "Reverse causation" could mean that people reduce their alcohol intake because they have chronic pain. Both explanations would produce the associations described in previous studies.
One study design that overcomes some of these problems is Mendelian randomisation. 2 Mendelian randomisation is particularly useful when a randomised trial is not feasible, as when studying the effects of alcohol consumption. In this design, genetic variants strongly associated with a particular behaviour, such as a single genetic base or single-nucleotide polymorphism (SNP), are chosen as proxy measures for the behaviour. 13 Their distribution throughout a population is assumed random, so their influence is assumed to be distributed randomly and not influenced by confounders. One SNP that affects alcohol consumption is rs1229984 on chromosome 4, in the gene ADH1B for alcohol dehydrogenase. The common variant of this SNP is the guanine (G) nucleotide, while a smaller number of people carry 1 or 2 copies of the adenine (A) allele (global minor allele frequency between 0.0628 and 0.159 17 ). Among people with the rare variant, increased production of alcohol dehydrogenase converts ethanol to acetaldehyde more rapidly, so unpleasant effects are experienced after consuming alcohol. 4 Because of ill effects of alcohol, people manifesting AA or AG at rs1229984 consume less.
The current analysis aimed to examine the association of variants of the rs1229984 SNP with reporting of CWP in a large population sample from the United Kingdom and to use the variants as an instrumental variable for estimating the causal effect of alcohol consumption on CWP.
Methods

UK Biobank
The UK Biobank recruited over 500,000 participants aged between 40 and 69 years from among patients registered at general medical practitioners within the UK National Health Service. 19 Around 9.2 million people were invited to take part in the study, making a participation rate of 5.5%. 15 Participants attended assessment centres across the United Kingdom where they completed by touchscreen electronic questionnaires that included questions on health and lifestyle. Physical measures and biological samples were also collected at assessment centre visits. The UK Biobank is overseen by the UK Biobank Ethics and Governance Council and has received approval from appropriate ethics committees.
Pain questions
Participants were asked by touchscreen questionnaire "In the last month, have you experienced any of the following that interfered with your usual activities?" They were provided with a list of options to choose from: headache, facial pain, neck or shoulder pain, back pain, stomach or abdominal pain, hip pain, knee pain, pain all over the body, none of the above, and prefer not to answer. Participants who chose "pain all over the body" were not offered the option of choosing any other pain sites. For each pain selected or for "pain all over the body," they were then asked whether they had the pain for more than 3 months. Participants were classified as having CWP if they answered they had "pain all over the body," and that they had experienced this for more than 3 months. This definition of CWP has been used in a number of previous studies. 
Alcohol questions
Participants were also asked "About how often do you drink alcohol?" and given a number of options from which to choose. If participants answered "once or twice a month," "special occasions only," or "never," they were classified as "nonfrequent or infrequent" drinkers of alcohol for this analysis. If their answer was "once or twice a week," "3 or 4 times a week," or "daily," they were classed as "weekly consumers" of alcohol.
Other chronic pain risk markers
A number of other risk markers for CWP were collected at the assessment centre visit and used as adjusting factors: age at time of visit in whole number of years, body mass index (BMI) calculated from height and weight measured at visit, and Townsend Deprivation index derived from a participant's postcode. The following were also collected by touchscreen questionnaire: employment (classified for this analysis as employed/self-employed, retired, unable to work because of sickness/disability, unemployed, or none of the above/other); smoking (never, tried once or twice, previous occasional smoker, previous smoking most days, current occasional smoker, or current smoker most days); self-reported ethnic group (classed as white or nonwhite ethnic background for this analysis); university degree or not; measures of mood (ever felt miserable, often felt fed-up); and frequency of visits with friends and family (2 or more a week vs 1 or less).
Genotyping information
Genotyping information was available for UK Biobank participants. Variants of rs1229984 were used as markers for exposure to alcohol consumption. This SNP lies in exon 3 of the ADH1B gene, which codes for an alcohol dehydrogenase. The reference allele is guanine (G), and carriers of 1 or 2 copies of the adenine (A) allele have faster metabolism of alcohol. These people are more likely to have unpleasant effects from drinking and so drink less and are at lower risk for alcoholism. 4 For this analysis, participants were classed as either carrying the "GG" or "AA/AG" variants of rs1229984. Those with "AA" and "AG" variants were combined into one group because of the lower minor allele frequency for rs1229984. 4 
Analysis
Stata/SE 13.0 was used to examine associations between alcohol consumption, CWP, and genotype. First, the association between reporting CWP and variants of the rs1229984 SNP was examined. The percentage of those having CWP in each genotype ("AA/AG" and "GG") was calculated. Logistic regression was used to calculate the odds ratio (OR) with 99% confidence interval (CI) for reporting CWP in those with the "GG" genotype compared to those with "AA/AG." Analyses were performed separately for men and women, and in those of selfreported white and nonwhite ethnicity. Analyses were stratified by sex and ethnicity because sex is associated with both CWP and alcohol consumption, and self-reported ethnicity is associated with CWP and genotype. Odds ratios adjusted for age, sex, and chronic pain risk markers were calculated.
To confirm the association of the rs1229984 SNP with alcohol consumption, the proportion of weekly consumers of alcohol and those not consuming or consuming infrequently was calculated for each genotype. Logistic regression was used to calculate ORs of weekly consumption of alcohol in those with the "GG" genotype compared to those with "AA/AG." This was repeated separately for those of each sex, and for those of self-reported white and nonwhite ethnicity.
Next, the association between alcohol consumption and CWP in the population was confirmed. The percentage of those with CWP in consuming alcohol weekly and in those not consuming or consuming infrequently was calculated. Odds ratios for reporting of CWP in "weekly consumers" compared with "nonfrequent or infrequent" consumers were calculated with 99% CIs by logistic regression. Adjusted ORs (AORs) with 99% CIs were then calculated using logistic regression. Analyses were repeated in those of white and nonwhite ethnicity, and in both sexes.
Instrumental variable analysis by the inverse-variance weighting (ratio) method 5 was used to calculate the causal effect of weekly consumption of alcohol on CWP, using variants of the rs1229984 SNP as an instrumental variable and "nonfrequent or infrequent" as the reference category. In this method, the ratio of the coefficient of CWP regressed on genotype (adjusted for covariates) to the coefficient of alcohol regressed on genotype (also adjusted) gives the causal estimate of the effect of alcohol on CWP. The coefficients were obtained from logistic regression models, and ORs were obtained by exponentiation of the ratio of the coefficients. The SE estimates for the risk ratios were adjusted for the observed correlation between CWP and alcohol consumption. Odds ratios with 99% CIs are reported overall and separately for each category of sex and ethnicity.
Results
Alcohol consumption information was available for 501,098 participants of whom 344,656 (68.9%) reported consuming alcohol weekly. Pain information was available for 500,410 participants of whom 7,130 (1.4%) reported CWP. Genotype was available for 486,321 participants of whom 28,511 (5.9%) were "AA/AG." The number of participants who had alcohol, pain, and genotype information available was 484,178. Characteristics of participants by genotype are given in Table 1 . Those with "GG" genotype tended to have higher BMI and greater deprivation than those of "AA/AG" genotype and were less likely to be of nonwhite ethnicity. There were also differences in employment status and number of those with a university degree. Differences in smoking behaviour and other characteristics were small.
Genotype and chronic widespread pain
Participants of "GG" genotype were slightly more likely to report CWP than those with "AA/GG" ( Table 2 ) (1.4 vs 1.2%, OR 1.17, 99% CI 1.01-1.35). The estimate of effect did not exclude the null in the 99% CI after adjustment for other risk markers (aOR 1.14, 0.97-1.33). Higher prevalence of CWP was also seen among those with the "GG" genotype when looking separately at those of white ethnicity and nonwhite ethnicity (1.3% vs 1.1%, OR 1.25, 1.06-1.48, and 3.4% vs 2.1%, OR 1.64, 1.24-2.20, respectively). The size of these effects was attenuated and failed to exclude the null from the 99% CI when adjusted for CWP risk markers.
Genotype and alcohol consumption
Among participants for whom information on alcohol consumption and genotype was available, there were differences in alcohol consumption among those of the "GG" and "AA/AG" genotypes ( Table 3) . Among men, those of "GG" genotype were more likely to consume alcohol weekly compared to those with "AA/AG" (77.8% vs 67.1%, OR 1.71, 1.63-1.80, aOR 1.60, 1.52-1.69). Among women, the same patterns were observed with 62.9% of those of "GG" genotype consuming alcohol weekly compared with 47.8% of those drinking none or infrequently (OR 1.85, 1.77-1.93, aOR 1.77, 1.69-1.86). The same pattern was observed in both those of white and nonwhite ethnicities, with a greater proportion among those of "GG" genotype consuming alcohol weekly.
Association between alcohol consumption and chronic widespread pain in the population
Participants who reported consuming alcohol weekly were less likely to report CWP compared with those drinking none or infrequently ( Table 4 and Fig. 1 0.53-0.61). This was observed among those of white and nonwhite ethnicity and in both sexes.
Causal effect of weekly alcohol consumption on risk of chronic widespread pain
The estimate of the causal effect of alcohol consumption on risk of CWP using instrumental variable analysis did not show a decreased risk with weekly consumption of alcohol ( Table 4 and Fig. 1 ) (OR 1.29, 0.96-1.74). Effect estimates were similar for men and women, and those of white and nonwhite ethnicity, ranging from ORs of 1.28 to 1.49, apart from among nonwhite men who showed a small decreased risk of OR 0.96. None of the effect estimates excluded the null in their 99% CIs.
Discussion
We did not find evidence for a protective effect of weekly alcohol consumption on the reporting of CWP. Those participants with a genetic predisposition to avoid alcohol were less likely to report CWP, not more. The results of the instrumental variable analysis suggest there could be a small harmful effect of alcohol on CWP.
The main strength of the study is that of the Mendelian randomisation method. To the extent that variants of the rs1229984 SNP are distributed randomly among the population, they are not confounded with other factors that may have an effect on the outcome. This method also deals with the problem of so-called "reverse causation." While in traditional observational studies the direction of causality between 2 associated variables AOR, adjusted odds ratio; CI, confidence interval; n, number of participants used for individual calculation; OR, odds ratio.
is difficult to ascertain, in our study, it is not possible that being less likely to report pain caused people to carry the A allele. Additional strengths of this study include its large sample size, the availability of a number of other CWP risk markers, and similar levels of alcohol consumption as found in other surveys in the UK population. 6 Also, the definition of CWP used (chronic pain all over the body that has interfered with activities and experienced for more than 3 months) gave prevalence estimates consistent with that of fibromyalgia, indicating that we were likely considering a phenotype at the same extreme end of the pain spectrum.
There are, however, limitations to our study. One is that rare variants of the SNP may not be randomly distributed throughout the population. Carriers of the rs1229984 A allele are more likely to be of nonwhite ethnicity. In the sample studied here, ethnicity is itself associated with sociodemographic factors and with the reporting of pain. 15 However, the observed associations between the SNP variant and CWP held when looking at those of selfreported white ethnic background alone. Furthermore, for our analysis, all those of nonwhite ethnic background were included in the same category. This was not to make any inferences about this group of people because we would expect it to be quite heterogeneous, but only included for completeness. Another limitation of the method is that the SNP used may have pleiotropic effects, ie, effects of the variants on CWP other than through their effects on alcohol consumption. In our instrumental variable analysis, we dealt with this by adjusting for a number of common risk markers for CWP. This, however, makes the assumption that these risk markers were not on the casual pathway between alcohol consumption and CWP. For some of these covariates, eg, sex and ethnicity, this was a reasonable assumption. It is Table 4 Association of weekly alcohol consumption and CWP, and causal effect of weekly consumption on CWP. possible, however, that some of these covariates are pathway variables mediating the effect of alcohol on CWP, in which case our estimate of the effect could be biased. 5 The direction of this potential bias could mean we have underestimated the effect of alcohol on pain so would not alter the conclusion that alcohol does not have a positive effect on pain.
Previous studies have found that CWP reporting was greater in nondrinkers compared with those drinking alcohol moderately, 3, 14 and the current study confirmed that association. The current study also concluded that, using variants of SNPs as a marker for alcohol consumption, alcohol consumption does not prevent CWP. Although previous studies were observational and could only make a comment about associations between alcohol consumption and CWP, the current study used a method that allows for an estimate of the causal effect of alcohol on CWP. We can conclude that the previous results were not due to moderate alcohol consumption causing people to have less pain. The results of those observational studies could instead be due to the effect of having pain on alcohol consumption, ie, people with pain being more likely to reduce their consumption. Our study did not have the power to examine small effects of alcohol consumption on CWP, and we cannot rule out the null hypothesis that there was no effect. However, the direction of effect means it is possible that alcohol consumption has a small harmful effect on CWP. It may be that at the population level, people with CWP reduce their consumption of alcohol because of the harmful effect on their symptoms.
In this study, the best estimate of the effect of weekly alcohol consumption on risk of CWP was small (risk ratio of about 1.3). For a condition with a low prevalence (1.5%), this represents an absolute increase in risk of about 4 people per thousand. A randomised trial designed to assess this size of difference at 5% significance level with 90% power, and 100% treatment compliance, would require a sample size of more than 67,000 participants. However, this estimate effect of alcohol on CWP has been adjusted for covariates. Some of these are among possible consequences of drinking alcohol (higher BMI, worse mood, and lower levels of education) and could be regarded as potential mediators of its influence on CWP. In that case, it is possible that the true effect is larger than this. It is also possible that these covariates are colliders, consequences of both alcohol consumption and CWP, which would also influence the estimate of effect.
This results of this and previous studies leave some unanswered questions. Here, we estimated a small negative effect of alcohol consumption on CWP but could not rule out sampling error. If drinking alcohol does increase the risk of CWP, we would have to consider by what mechanism. A general question for epidemiological researchers is how such a strong relationship as seen in the population between moderate levels of alcohol consumption and decreased CWP might come about given that alcohol consumption does not lower the risk of CWP. The population-level effect may be behavioural, ie, people who are at higher risk of CWP actively change their behaviour to avoid drinking. Possible reasons for avoidance of alcohol among patients with CWP are the use of medications for which alcohol consumption is proscribed, or that alcohol may be exacerbating symptoms, but this is an area for future research.
In conclusion, this study found those participants who had a genetic predisposition to avoid alcohol consumption reported less CWP not more. An instrumental variable analysis showed that weekly alcohol consumption does not cause the risk of CWP to be decreased. The interpretation of observational population studies as showing a protective effective of alcohol against pain is not supported.
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